The optimal adjuvant treatment modality for gastric cancer has not been well defined. The aim of this study was to evaluate the efficacy and feasibility of adjuvant combined systemic and intraperitoneal chemotherapy (ACSIP) in high-risk patients with locally advanced gastric cancer. Between June 2003 and December 2008, 62 eligible patients with serosa-infiltrating and/or node-positive gastric cancer following curative gastrectomy with D2 lymphadenectomy received ACSIP, consisting of intravenous oxaliplatin 85 mg/m 2 on day 1 followed by leucovorin (LV) 200 mg/m 2 and 5-fluorouracil (5-FU) 450 mg/m 2 on days 1-3, intraperitoneal 5-FU 600 mg/m 2 on days 4-5 and cisplatin (CDDP) 40 mg/m 2 on day 5. Survival rates, the sites of first treatment failure and safety were analyzed. At a median follow-up of 45 months (range 7-101), the 3-year disease-free survival (DFS) and overall survival (OS) rates were 66.1 and 74.2%, respectively. Initial peritoneal and hepatic failures were found in 6 (24.0%) and 3 (12.0%) of the 25 patients with recurrence, respectively. Neutropenia, gastrointestinal side effects and peripheral neuropathy were the most common grade 3-4 toxicities; however, they were all infrequent and manageable. No serious surgical complications or treatment-related mortality was observed. The results of this study indicate that ACSIP is effective and feasible for locally advanced gastric cancer with encouraging survival rates and possibly decreased peritoneal and hepatic recurrences. The benefits of this promising combined adjuvant treatment modality warrant further studies.
Introduction
Gastric cancer is the second most common cancer and the third leading cause of mortality from cancer in China (1) . There are more new cases diagnosed in China than in any other country each year. Complete surgical resection is the only potential curative treatment for gastric cancer. Nonetheless, the longterm results of resectable gastric cancer are still poor. More than 50% of patients will develop locoregional recurrences and/or distant metastases within 1-3 years of curative surgery and patients with serosa-infiltrating and/or node-positive cancer are at a particularly high risk of recurrence (2, 3) . Levels of interest in adjuvant treatment have increased in the past few decades. In spite of the notable improvement demonstrated by Intergroup 116 (adjuvant chemoradiation) (4), MAGIC (neoadjuvant and adjuvant chemotherapy) (5) and ACTS-GC (adjuvant S1) trials (6) , almost half of gastric cancer patients will succumb to the condition within three years of surgery. These trials all showed the same pattern of cancer recurrence. The patients were treated either by surgery alone or surgery plus peri-or postoperative chemoradiotherapy; however, peritoneal failure remained the most common pattern of first recurrence (7) . Therefore, it is essential to reinforce efforts to find more effective adjuvant treatment modalities.
Systemic chemotherapy (SCT) possesses the theoretical advantage of treating undetectable cancer cells that have spread systemically at the time of surgery and will ultimately represent a major source of treatment failure for patients with resectable gastric cancer. Recent meta-analyses (8) (9) (10) have demonstrated that adjuvant SCT is effective in treating gastric cancer. In addition, intraperitoneal chemotherapy (IPCT) has several unique pharmacokinetic advantages which are able to eradicate free cancer cells and micrometastatic or microscopic residual focus in the peritoneal cavity. IPCT also reduces recurrence and therefore combines the effects of intraportal chemotherapy on the liver with a direct effect on the peritoneum and the resection site. Adjuvant IPCT has also been shown to be a valuable strategy in treating gastric cancer (11) (12) (13) . Therefore, cumulative data suggests that benefits may be obtained by combining SCT and IPCT to decrease both local and distant metastases simultaneously with different targets, different times of effect and non-overlapping side effects. Taken together, SCT and IPCT appear well-suited for combined use; therefore, it is rational to combine SCT with IPCT in an adjuvant setting for gastric cancer (13) . Moreover, the benefit of this combined strategy has been verified by many convincing clinical trials in ovarian cancer (14) .
Therefore, we conducted a study to evaluate the efficacy and feasibility of this novel adjuvant chemotherapy approach in high-risk patients with locally advanced gastric cancer. This study was approved by the ethics committees of The First Affiliated Hospital of Wenzhou Medical College.
Materials and methods
Patients. All patients enrolled were required to have adenocarcinoma of the stomach confirmed histologically and undergo a curative resection with D2 lymphadenectomy and negative margins (R0 resection). Enrolled patients were also required to have serosa-infiltrating (pT3+ stage) and/or regional lymph node-positive (pN+) cancer with no distant metastases (stage II through IVM0, according to the 2002 staging criteria of the American Joint Commission on Cancer) (15) . Eligibility was determined by reviewing the study forms, operative and pathology reports carefully. Patients with any overt evidence of peritoneal spread were excluded. Additional requirements for eligibility were an Eastern Cooperative Oncology Group performance status ≤1; age of 20-80 years; adequate hematological levels (neutrophils ≥2x10 9 /l; hemoglobin ≥900 g/l; platelets ≥100x10 9 /l); hepatic function (bilirubin ≤25 µmol/l; aspartate aminotransferase and alanine aminotransferase ≤2.5 x upper normal limit); renal function (creatinine ≤130 µmol/l); cardiac function (New York Heart Association class <II); no previous malignancies other than superficial skin cancer or in situ cervical carcinoma and no previous treatments such as neoadjuvant chemotherapy or radiotherapy. Patients were enrolled in this study no earlier than 1 week and no later than 3 weeks after surgery. Metastatic disease was ruled out by computed tomography (CT) scans of the brain, chest and whole abdomen prior to surgery. All patients signed an informed consent prior to treatment.
Treatment. ACSIP started within 1-3 weeks of surgery. The course of treatment was repeated every 28 days for up to 6 cycles. SCT consisted of intravenous oxaliplatin 85 mg/m 2 on day 1 over a 2-h period followed by LV 200 mg/m 2 and 5-FU 450 mg/m 2 for 3 days (days 1 to 3). Prior to every IPCT, peritoneal catheterization was performed blindly under local anesthesia using the Seldinger technique based on previous ultrasonography localization of the puncture site. Intraperitoneal drug delivery was administered through a single-lumen central venous catheter (Arrow International, Inc., Reading, PA, USA) inserted into the abdominal cavity. IPCT consisted of 5-FU 600 mg/m 2 on days 4 to 5 followed by CDDP 40 mg/m 2 on day 5. Prior to IPCT, 100 ml 0.9% normal saline with 10 mg dexamethasone was instilled into the peritoneal cavity. 5-FU and CDDP were diluted in 1,000 ml and 500 ml 0.9% normal saline, respectively. Patients were asked to change their body position every 15 min for 2 h following the intraperitoneal administration. The fluid was left in the peritoneal cavity until the next infusion. The catheter was removed 24 h after the last infusion. If grade 3-4 hematological toxicity occurred, the doses of SCT were decreased by 20%. If grade 3-4 non-hematological toxicity occurred, or if toxicity (hematological or non-hematological) persisted for more than 2 weeks, the doses of SCT and IPCT were both decreased by 20%.
Follow-up evaluation. Comprehensive baseline assessments, including a complete medical history, physical examination, complete blood cell count, blood chemistries, tumor markers (CEA, CA19.9 and CA125), and brain, chest and whole abdomen CT scans were conducted prior to both surgery and treatment for every patient. During the treatment, patients were checked from weekly to monthly intervals by physical examination, toxicity assessment and blood examination. Toxicities were evaluated following the National Cancer Institute Common Toxicity Criteria, version 2.0. Follow-up was performed at 3-month intervals for 2 years, 6-month intervals for 3 years and yearly thereafter. Follow-up examinations consisted of physical examination, complete blood 
Results
Patient characteristics. Between June 2003 and December 2008, a total of 67 patients were enrolled in the study. Five patients (7.5%) were excluded from the analysis: one had a positive surgical margin; one refused to start treatment; two were lost to follow-up evaluation during ACSIP and one had protocol violation, thus the analyses were carried out in the remaining 62 eligible patients. For the 62 patients, the median age was 56 years (range 32-77) with 45 males and 17 females. The majority of patients had serosa-infiltrating (83.9%) and/or node-positive (87.1%) cancer (Table I) .
Survival. At the time of survival analysis, the median follow-up time for this study was 45 months (range 7-101). At present, 37 patients are still alive, with 35 of them free of recurrence.
There are 2 patients with documented recurrence who are still alive. During follow-up, 25 patients succumbed to their condition and 2 of them succumbed without evidence of recurrence or metastasis (one from cardiovascular disease and the other for unknown reasons). The 3-year DFS rate was 66.1% (Fig. 1) . The 3-year OS rate was 74.2% (Fig. 2) .
Relapse. During follow-up, 25 patients (40.3%) eventually relapsed and 23 patients succumbed to disease recurrence. As it concerns the sites of first treatment failure, among the 25 patients, 6 (24.0%) and 3 (12.0%) of them experienced initial peritoneal and hepatic recurrence, respectively, 5 patients (20.0%) had locoregional relapse and 11 patients (44.0%) had other distant metastases (Table II) . Twenty-one patients (91.3%) succumbed to their condition within 1 year of the diagnosis of recurrence. The median time from recurrence to death was 4 months (Fig. 3 ).
Toxicity and surgical complications. Overall, adverse toxicities were relatively uncommon and they were generally mild to moderate. Neutropenia (8.1%), diarrhea (4.8%), nausea (1.6%), vomiting (1.6%) and peripheral neuropathy (1.6%) were the most common grade 3-4 toxicities. No treatment-related mortality was observed (Table III) 
Discussion
In the past decades, studies on adjuvant SCT for the treatment of resectable gastric cancer have shown conflicting results (8) . Adjuvant SCT has not become the standard of care for gastric cancer except with S1 in Japan following the publication of the results of the ACTS-GC trial (6, 16) . In addition, there is limited good quality evidence to determine the role of adjuvant IPCT in gastric cancer (17) . The optimal adjuvant chemotherapy approach for gastric cancer such as SCT, IPCT alone or in combination has not yet been well-defined and there is no widely accepted chemotherapeutic regimen. Based on the recurrence patterns following curative resection, the rationale and advantage for combined SCT and IPCT in an adjuvant setting for gastric cancer is evident. In addition, the efficacy and feasibility of combined SCT and IPCT have been well-established in other intra-abdominal malignancies including colon (18) and ovarian cancer (14) , particularly in the latter, for which convincing clinical trials have confirmed the improvement in survival. Despite the attractive rationale for the combination of adjuvant SCT and IPCT, clinical experience with this treatment modality in gastric cancer is limited. To our knowledge, there were only a few earlier studies available exploring the use of ACSIP in gastric cancer. The earliest was by Atiq et al (19) , published in 1993. This group assessed postoperative adjuvant intraperitoneal CDDP and 5-FU and systemic 5-FU chemotherapy in patients with resected gastric cancer. In that study, 16 out of 35 patients experienced recurrence, and 18 remained alive free of disease with a 3-year survival rate of 50.0%. The treatments were also associated with altered metastatic patterns (decreased incidence of peritoneal spread and liver metastases). In another study by Zuo et al (20) , a statistically significant improvement in 3-year survival was reported for the adjuvant intraperitoneal hyperthermic chemoperfusion combined with intravenous chemotherapy group; the 3-year survival rate was 83.0% in the combined group compared with 61.0% in the adjuvant intravenous chemotherapy alone group (P<0.05). Recently, a retrospective study by Shi et al (21) revealed that the 5-year OS rate in the adjuvant systemic chemotherapy combined with intraperitoneal perfusion chemotherapy (IP+) group was significantly better than that in the systemic chemotherapy only (IP-) group (60.4 vs. 42.9%; P= 0.001). In addition, the average progression-free survival in the IP+ group was significantly longer than that in the IP-group (60.5 vs. 46.2 months; P=0.001). Although the different patient selection criteria and chemotherapy regimens tested make the comparison between these studies and the present study difficult, the results of these studies and ours are both encouraging, as the 3-year DFS rate was 66.1% and the 3-year OS rate was 74.2% in the present study. However, the benefit of this promising combined adjuvant treatment modality should be confirmed in prospective randomized controlled trials. The incidences of hepatic and peritoneal failure were relatively low in this study. An initial intraperitoneal and hepatic relapse was noted in 6 (24.0%) and 3 (12.0%) out of 25 patients with recurrence in this study, respectively, thus the incidences are lower than those revealed in the study of Wu et al (2) , which addressed recurrence patterns following intended curative surgery in 611 patients with gastric cancer. In that study, 38.2 and 17.9% patients experienced peritoneal and hepatic recurrence, respectively. The low incidence of hepatic and peritoneal failure in this study is possibly related to the additive effects of systemic, intravenous and intraperitoneal drug administration. However, in the present study, 91.3% of patients succumbed to their condition within 1 year of the diagnosis of recurrence being made, and the median time from recurrence to mortality was only 4 months. These results are poorer than those of D' Angelica et al (22) . They reported that 70.0% of patients succumbed to their condition within 1 year of the diagnosis of recurrence and the median time from recurrence to mortality was 6 months. In multivariate analysis, they demonstrated that shortened median time until mortality was significantly correlated with a higher T stage (4 vs. 7 months, P=0.007) and involved lymph nodes (5 vs. 9 months, P=0.01).
In the present study, 83.9% of patients had serosa-infiltrating cancer and 87.1% of them were lymph node-positive, which may be the main causes of the short time to death following recurrence.
Patient tolerance of ACSIP was excellent in this study. On the whole, toxicities were mild to moderate. Neutropenia, gastrointestinal side effects and peripheral neuropathy were the most common grade 3-4 toxicities; however, they were all infrequent and manageable. There were no treatmentrelated mortalities. Chemical peritonitis had been reported in patients with intra-abdominal cancer receiving intraperitoneal high doses of 5-FU and CDDP for long periods (23); however, this did not occur in the present study as 5-FU and CDDP were administered for a shorter period of time. Several studies have suggested that there was an increase in morbidity and mortality with adjuvant perioperative intraperitoneal chemotherapy in gastric cancer. Yu et al (24) reported that the overall morbidity and mortality rates in patients receiving early postoperative IPCT starting on postoperative day 1 (the study group) were both higher than in those who underwent surgery only (the control group), although the difference was not significant (28 vs. 20.3%, P= 0.121; 5.6 vs. 0.8%, P= 0.299, respectively). By contrast, intra-abdominal sepsis without anastomotic leakage (P=0.008) and bleeding (P=0.002) occurred significantly more often in the study group compared with the control group. In a study by Rosen et al (25) , significantly higher postoperative complication and mortality rates were also observed in patients receiving intraperitoneal mitomycin bound to activated carbon particles compared with the surgical control group (35 vs. 16.0%; 11 vs. 2.0%, respectively), thus the protocol committee decided to stop further recruitment of patients into that particular study. However, the incidence of surgical complications was only 8.1% in the present study, which was much lower than that in the above-mentioned studies. The difference in incidence between these studies and ours may be related to the different cancer stage, type of surgery, timing of IPCT commencement and the chemotherapeutic agents intraperitoneally administered. This study indicates that adjuvant intraperitoneal 5-FU and CDDP delivered at 1-3 weeks postoperatively may not increase the rates of surgical complications and mortality in patients with gastric cancer. In addition, 55 patients (88.7%) completed more than 4 cycles of ACSIP and 48 patients (77.4%) completed 6 cycles in the present study. It is possible that the benefit of ACSIP may be greater if more patients successfully complete 6 cycles of treatment; however, the effect of the duration of treatment on clinical outcome has not been confirmed by any study.
A considerable amount of research into adjuvant chemotherapy in gastric cancer is still necessary. Further improvements will require the development of more effective treatment modalities and chemotherapeutic regimens. During the last decade, several new agents including paclitaxel, docetaxel, oxaliplatin, irinotecan, capecitabine and S1 have shown promising activity in gastric cancer. From a theoretical point of view, regimens with higher activity may have more efficacy as adjuvant therapies (26, 27) . However, the selection, dosage, combination, schedule of chemotherapy agents and the route and timing of administration need extensive testing in confirmatory studies.
In conclusion, the results of this study indicate that ACSIP is effective and feasible in high risk patients with locally advanced gastric cancer following curative gastrectomy under D2 lymphadenectomy and has encouraging 3-year DFS and OS rates. Failure pattern data suggest possible decreased peritoneal and hepatic recurrences. The benefit of this promising combined adjuvant treatment modality for this challenging disease warrants further studies.
